Drug sensitivity test of bacteria is practically made by bringing a certain mass of bacterial cells into contact with a given drug.
This bacterial population is considered, however, to consist of the cells which are not constantly the same in various biological characteristics including drug sensitivity. Therefore, according to the size of inoculum and the period of incubation, the minimum inhibitory concentration of drugs to bacteria often shows variations in some range. In addition, there must be much possibilities that bacteria as a mass show a somewhat different behaviour against chemotherapeutic agents from that of a single cell. In this connection, the present authors attempted to analyse streptomycin sensitivity of a strain of E. coli by single cell cultivation technique and further to examine the mode of development of streptomycin resistance by this method.
This way of experiment has ever been devised by Sakamoto (1954 Shortly before its use, nutrient agar was again melted and poured into a Petri dish previously warmed.
Then a coverslip was floated on the surface of the agar and removed soon with a pincette. Keeping the coverslip in the vertical direction for a while, excessive agar was run away and a thin agar film was left on its surface.
When the agar was completely coagulated, peripheral part was cut off with a operating knife and the remaining part was further divided into twelve small sections as shown in Fig. 2 * means that when a single cell colony on the highest concentration (6 pg per cc) was transferred into a broth tube of 4 pg per cc, no growth was obtained. Other symbols and procedures are the same as in Fig. 3 Experiment 2 : Serial transfer of E. coli through broth containing streptomycin in a non-selective concentration (0.5 ug per cc), particularly comparing the original strain with the five clones derived from it by a single cell culture.
Yokota (1955) has ever reported that when Staph. avreus was subcultured successively in broth containing a non-selective concentration of streptomycin (0.01 , tg per cc) the proportion of highly resistant cells to it was increased, claiming it as one of the evidences for the induced mutation theory of streptomycin resistance.
The present authors attempted to examine this phenomenon using a clone obtained by the single cell culture. At first, the experiment was made using the original strain. This was subcultured successively at seven day =intervals for ten weeks through broth added with streptomycin in the concentration of 0.5 , tg per cc. Each culture of the 5th and 10th generations was analysed of streptomycin sensitivity, particularly inquiring into the mixed proportion of the resistant cells by sowing 0.1 cc of it and its dilutions onto the slants of nutrient agar added with the drug in various concentrations. This experimental procedure was applied to each of the five clones derived from the original strain by the single cell culture. The results were summarized in (Kanai et al., 1955) .
DISCUSSION
So far as the studies on bacterial resistance to streptomycin are concerned, particular efforts have been made by many research workers how to explain the mode of its occurrence from the standpoint of microbial genetics. The present authors (Kanai et al., 1955) have also been working on the origin of streptomycin resistant variants of tubercle bacilli.
In the present state of available inf ormations it would be stated that although the spontaneous occurrence of the resistant mutants is possible as proved by the replica method of Lederberg (1952) there are much possibilities that streptomycin can act upon some kinds of bacterial cells to induce them resistant to it in some unknown way (Linz, 1950; Gibson and Gibson, 1951; Eagle et al., 1952; Stenderup, 1953) .
However, the latter case has been proved by some indirect methods.
Therefore, the discussion is continued even now with endless controversy. And, more experi-mental evidences will be needed to accumulate to confirm the induced mutation theory of streptomycin resistance. Now, in this paper, three separate experiments were reported in which a strain of E. coli were transferred successively through streptomycin containing medium by single cell cultivation . In two cases the resistance ceased to increase below 10 1 g per cc, but in remaining one case it developed up to 100 , tg per cc. However, in the final stage of each transfer, they showed the same tendency that the culture came to the condition of considerably poor viability .
These two observations appear to suggest some aspects of the nature of streptomycin resistance.
So far as the present experiments are concerned , there must have been few chances that a bacterial cell of the high resistance happened to be picked up by the manipulator. Because, this type of cell would appear only in an extremely rare rate (1:106 to 1:109) in a normal population of streptomycin sensitive bacteria.
So, although much speculatively yet , the present authors should like to think that some bacterial cells in that strain have a congenital disposition which govern the limit of streptomycin resistance up to which they an acquire at the presence of the drug, and further exposure to a higher concentration over this limit may lead a clone originated from that cell to a lethal state.
A hypothesis presented by Spiegelman (1950) for the mechanism of enzymatic adaptation has similarities to this way of thinking in some aspects . He postulated the presence of a chromogen in nucleus controlling the capacity of a cell to form plasmagenes which react with substrates to produce a specific adaptive enzyme.
Our way of consideration may be applicable also to the explanation of the results obtained in Exp. 2. Although a marked increase of resistant cell proportion occurred during the subculture of the original strain in the environment of streptomycin of much lower concentration than the minimum inhibitory one, the same was not observed concerning five clones each developed from a single cell picked up at random from that parent strain . This finding appears to present an evidence favourable to the induced m utation theory on one band, and at the same time to the spontaneous mutation and selection theory on the other . Such action of a non-selective concentration of the drug to the original strain may support the former view , but the fact that it was not observed of each of those five clones suggests that selection ma y h ave operated in the experiment using the parent strain . Therefore, for a reasonable explanation of these two contradictory observations , it would be convenient at the present time to postulate that some selected bacterial c ells are endowed with a genetic constitution to develop streptomycin resistance more or less in response to the drug , but the other majority has not this constitution . Thi s hypothesis will be justified also from the following point . If all the cells in this strain of E. coli had uniformly such a constitution to develop high resistance, the tenth subculture in 0 .5 ug per cc would have become a pure strain resistant to over 1000 ,ctg per cc. But this was not the case.
Recently; the concept of inducibility in drug resistance was also introduced by Bryson and Szybalski (1955) and the resistance in some cases was explained by heterogeneous or homogeneous phenotypic adaptation of the cells potentially inducible in the presence of drug.
At the present time, however, we can not say anything definite about the relation beteween initial drug sensitivity and inducibility, although the case 3 which was only one example of resistance increase as shown in Fig. 7 started from the less sensitive state than other two cases of non-increase.
In our previous report (Kanai et al., 1955) , it was stated that colonies isolated in a single-step on medium containing high concentrations of streptomycin may be originated from a naturally occurring mutant cell resistant to the drug, but when the bacilli develop their resistance step by step streptomycin itself may operate for the induction of the resistance.
Relating to this problem, data from Hotchkiss (1951) would be extremely interesting. The DNA containing extracts from either H. in fluenzae or Pneumococcus mutants originally resistant to high concentrations of streptomycin confer on the transformed organisms the same high degree of resistance to streptomycin as possessed by the doner strain.
However, when the resistance has been developed stepwise, as with penicillin mutants and some streptomycin resistant mutants of Pneumococcus, the resistance of the transformed organisms is much lower than that of the doner organisms, and is of the order of resistance of first step mutants.
Further repeated exposure to the transforming principle raise the degree of resistance in discrete steps. As for penicillin, Braun et al. (1952) have reported two types of resistant cells in Brucellae ; one was considered to be of genetical origin and the other as a nature of temporary modification. The present authors have frequently pointed out that while bacteria acquire streptomycin resistance step by step they always take a process of dysgonic growth, unlike the case of high resistant cells isolated in a single step. At the present time, the pending problem is to what category this dysgonic type of resistant cells belongs ; spontaneous mutants as insisted by Watanabe (1955) , or induced mutants, still or adapted resistant cells by certain mechanism similar to enzymatic adaptation.
One more thing the present authors should like to stress here is that even in the case of stepwise increase of streptomycin resistance there are much possibilities that spontaneously occurring mutant cells resistant to high concentrations of streptomycin are increasing in the proportion in the bacterial population subjected to this drug exposure, possibly by the mechanism pointed out by Watanabe (1955) as the relative selection due to relative inhibition.
This state of affairs seems to make the genetical analysis of streptomycin resistance more difficult.
Recently, Kinoshita et al. (1956) 
